Background: Osteoporosis is a significant health problem in the developing countries and its prevalence data are important for the estimation of health care burden and policy making. This study aimed to determine the age-related changes in bone health and the prevalence of osteoporosis in males and females aged 50 years or above living in Kuala Lumpur, Malaysia. Methods: A cross-sectional study was conducted between December 2014 and December 2015. Subjects answered a demographic questionnaire and underwent body anthropometric and bone health measurement. Assessment of bone health was performed using a quantitative ultrasound device that generated speed of sound, broadband ultrasound attenuation, stiffness index, and T-score based on stiffness index value as bone health indices. Results: The prevalence of osteoporosis was 10.6% in males and 8.0% in females. Significant age-related decline of bone health indices (speed of sound, broadband ultrasound attenuation, stiffness index, and T-score) and a concurrent increase in the prevalence of osteoporosis and osteopenia were observed in females (P,0.05) but not in males (P.0.05). Ethnic differences in bone health indices and prevalence of osteoporosis/osteopenia were not observed (P.0.05). Conclusion: A significant proportion of males and females age 50 years or above have suboptimal bone health. Preventive measures such as early screening should be implemented to retard the progression of osteoporosis.
Introduction
Osteoporosis is a systemic metabolic bone disease defined by low bone mass and disintegration of bone microarchitecture, leading to bone fragility and ultimately fracture. 1 Clinically, osteoporosis is diagnosed based on bone mineral density (BMD) determined using dual-energy X-ray absorptiometry (DEXA) because it is predictive of fracture. 2 However, accessibility to DEXA is limited especially in the developing countries. 4 Quantitative ultrasound (QUS) devices offer a solution to this problem. Bone health indices generated by QUS were found to correlate significantly with BMD and fracture risk. [5] [6] [7] [8] The QUS device is safe, easy to handle, and portable, thus, permitting its use in mass screening of bone health and epidemiological studies. 9 The effects of age and sex in bone health are well documented. Incidence of fragility fractures increases and BMD declines with advancing age. 10, 11 Global prevalence of fragility fracture showed a female-to-male ratio of 7 to 3.
12 This is in accord with a higher BMD and QUS values found in males compared to females. 13, 14 Ethnicity is also an important determinant of bone health. This is evidenced by the significant ethnic disparity in the prevalence of osteoporosis among the Non-Hispanic Whites, African Americans, and Hispanics in the US.
14,15 Survey on hip fracture incidence among Malaysian populations consisting of the Chinese, Malays, and Indians also revealed distinct ethnic differences.
Several small-scale bone health studies have been conducted in Malaysia using QUS devices in females and a study has been performed in males. [17] [18] [19] [20] Subjects included in these studies were not reflective of the Malaysian population because they captured bone health in a limited subset of the diverse ethnic groups in Malaysia. 21 Since the report of Lee and Khir on hip fracture incidence in 1997, 10 more comprehensive and updated data on ethnic difference in bone health in Malaysia are not available. In bridging the knowledge gap, we could identify groups susceptible to osteoporosis and device suitable interventions to retard the progression of the disease.
The current study aimed to determine the age-related changes and prevalence of osteoporosis and osteopenia in males and females aged 50 years or above in Kuala Lumpur, Malaysia. Three major ethnic groups, that is, the Malays, Chinese, and Indians, representing 99.3% of the Malaysian population will be included in this study. 21 A calcaneal QUS device was selected as the bone health screening tool as per the recommendation of the International Society of Clinical Densitometry. 22 Males and females aged 50 years or above were the focus of this study because previous studies highlighted that fracture incidence increased after the age of 50 years. 12 We hypothesized that there were significant age-related changes and ethnic discrepancy in bone health in the Malaysian population.
Materials and methods
This cross-sectional study was conducted from December 1, 2014 to November 31, 2015 at Universiti Kebangsaan Malaysia Medical Centre. A purposive sampling method was adopted and subjects recruited were Malaysian males and females aged 50 years old or above living in Kuala Lumpur and its environs. The subjects were solicited onsite without prior invitation. Subjects previously diagnosed with osteoporosis, hyper/hypoparathyroidism, or hyper/hypocalcaemia and/or were receiving pharmacological treatment for osteoporosis (bisphosphonates, teriparatide, denosumab, and strontium ranelate) or other treatments, which could significantly impact bone metabolism (hormone-replacement therapy, sex hormone deprivation therapy, glucocorticoids, and thyroid supplements) were excluded. Those with mobility problems, with implant in their lower limbs, or could not complete the questionnaire or screening procedure were excluded as well. The subjects were informed of the project details and provided written consent before participating in the study. The study protocol was reviewed and approved by the Research Ethics Committee of Universiti Kebangsaan Malaysia Medical Centre (approval code: UKM-AP-TKP-09-2009).
Subjects completed a demographic questionnaire before undergoing the screening process. The age of the subjects was calculated based on records in their identification cards. Ethnicity, sex, and presence of preexisting medical condition(s) and medical treatment(s) were self-declared. Standing height of the subjects without shoes was measured using a stadiometer (Seca, Hamburg, Germany) and recorded to the nearest 1 cm. Body weight of subjects with light clothing but without shoes was determined using a weighing scale (Tanita, Tokyo, Japan) and was recorded to the nearest 0.1 kg. Body mass index (BMI) was calculated as per the convention. Bone health of the subjects was assessed using a water-based QUS device (Achilles EXPII, GE Healthcare UK Ltd, Little Chalfont, UK). During the scanning, the subjects were required to sit on a chair and place their right foot on the food pad. The inflatable transducer transmitted ultrasound waves across the right calcaneal bone and the signal received was measured and analyzed. Subjects were measured three times with repositioning and the average values were taken. Trained technicians were responsible for the measurements. Quality control and calibration were performed daily using a phantom. Short-term in vivo coefficient of variation for the device was ,2.0%. The device generated three bone health indices, namely, speed of sound (SOS), broadband ultrasound attenuation (BUA), and stiffness index (SI). Calcaneal SOS is the SOS waves traveling though the calcaneus and bears the unit of meter per second (m/s). The SOS value is directly proportional to BMD value. Calcaneal BUA is the slope between attenuation of sound signals while traveling through the calcaneus and its frequency and the unit is dB/MHz. Stronger bones preferentially attenuate sound waves of higher frequencies. SI combines SOS and BUA values using the formula SI = ([0.67× BUA] + [0.28× SOS] -420) and has a lower precision error than either SOS or BUA alone. In general, higher SOS, BUA, and SI values indicate better bone health. 9, 23 T-score generated based on the SI was used as the basis for bone health classification. It is different from T-score based on BMD obtained from DEXA, which is used to diagnose osteoporosis clinically. In this study, bone health of subjects was classified into normal (T-score more than -1.0), osteopenia (T-score between -2.5 and -1.0), and osteoporosis (T-score less than -2.5) based on sex-specific reference values obtained from Mainland Chinese population provided by the manufacturer due to the absence of local reference. The term "normal" indicated a low risk for osteoporosis, "osteopenia" indicated a moderate risk for osteoporosis, and "osteoporosis" indicated a high risk for osteoporosis. Normality of the data was assessed using KolmogorovSmirnov test. Skewed data were transformed for analysis. Subjects were categorized according to age groups (5 years interval), sex, and ethnicities for the comparison of bone health indices. Comparison of characteristics between male and female subjects was performed using independent t-test.
Comparison of bone health indices between ethnicities and age groups was performed using univariate analysis with adjustment for BMI. Pair-wise comparison of bone health indices between selected age groups was done using Gabriel's post hoc test. The BMI adjusted age-trend of all three bone health indices was examined using multiple linear regression analysis. Age and BMI were entered into the multiple regression analysis via the forced entry method. Differences in the proportion of subjects in each bone health category according to sex, ethnicity, and age group were analyzed using chi-square. Significance value was set at P,0.05. Statistical analysis was performed using Statistical Package for Social Science Version 21 (IBM Corporation, Armonk, NY, USA).
Results
A total of 772 male and female subjects enrolled in this study, but 127 were excluded based on the exclusion criteria (40 for the use of hormone-replacement therapy, 30 for the use of antiosteoporotic agents, eleven for the use of glucocorticoid, 44 for the use of thyroid supplement, and two did not complete the screening process). The 645 subjects included in the final analysis consisted of 283 males (mean age: 63.38 years [standard deviation (SD): 7.41 years]) and 362 females (mean age: 61.69 years [SD: 7.52 years]). Ethnic distribution for males was 38.9% Malays, 49.5% Chinese, and 11.7% Indians, while for females was 34.3% Malays, 57.5% Chinese, and 8.3% Indians. The males were significantly older, taller, and heavier, and had a higher BMI compared to females (P,0.05). Their SOS, BUA, and SI values were also higher compared to females after adjusted for BMI (P,0.05). However, their BMI-adjusted T-score was significantly lower compared to their female counterparts (P,0.05) ( Table 1) .
Age-related decline in bone health, as indicated by SOS, BUA, SI, and T-score, was significant in females but not in males. The values of these indices started to decrease significantly at the age of 65 years for females (P,0.05). In comparison, the bone health indices of males did not show significant age trend (P.0.05). The results persisted after adjustment for BMI of the subjects (Table 2) . No significant association was found between age and indices of bone health in males as a whole and among the different ethnic groups after adjustment for BMI in the linear regression analysis (P.0.05). On the other hand, there were significant negative associations between age and indices of bone health in females (P,0.05). As the age increased by 1 year, the SOS reduced by 1.136 m/s, BUA by -0.438 dB/MHz, SI by 0.607 unit, and T-score by 0.06 unit in females as a whole. Similar decline was observed in Malay and Chinese females but not in Indian females probably due to the small sample size of that particular ethnic group (Table 3) . 
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In addition, bone health status of the subjects differed significantly by age groups in females but not in males (P,0.05). The proportion of females classified as osteoporotic increased significantly in the older age group but this was not observed in males. Overall, 44.2% of the males and 35.3% of the females studied were osteopenic, while 10.6% of the males and 8.1% of the females were osteoporotic (Table 4) . There was no difference in terms of bone health among the three ethnic groups studied (P.0.05) ( Table 5 ).
Discussion
The prevalence of osteoporosis is surging in the developing countries due to the increase in lifespan and elderly population. 24 Despite this, information on bone health status of the Malaysian population, which is important for assessing the health care burden of osteoporosis and health policy making, is limited. The current study revealed that a significant proportion of Malaysian males (54.8%) and females (43.4%) had suboptimal bone health. Despite the higher prevalence of suboptimal bone health in males compared to females, the age-related decline of bone health indices was not significant in males. Ethnic differences in bone health were not observed in the study population as the age-related decline of bone health indices and the prevalence of suboptimal bone health were uniform across all three ethnic groups.
There were several small-scale studies determining the prevalence of osteoporosis in the Malaysian population using QUS. Most studies only recruited female subjects. [18] [19] [20] A study by Hasnah et al 19 reported that among the 125 postmenopausal Malay females (mean age: 59 years [SD: 4] years) assessed using a QUS device, 6% were osteoporotic and 37% were osteopenic. Damodaran et al 18 observed that among 164 perimenopausal and postmenopausal females attending a menopause clinic, only four (2.44%) were osteoporotic. The low prevalence could be due to the fact that those attending the menopause clinic were health conscious individuals. A previous study conducted by Chin et al 17 on Malaysian males using a QUS device (mean age: 47.9 years [SD: 14.3 years]) identified that the prevalence of osteopenia was 21.3% and osteoporosis was 2.6%. This was lower compared to the findings of the current study, whereby 45.2% of males were classified as osteopenic and 10.6% were classified as osteoporotic. Besides, Chin et al 17 reported no significant difference in SOS value between Chinese and Malay males Notes: Quantitative ultrasound is not a diagnostic tool for osteoporosis. The T-score generated by QUs is different from T-score based on BMD obtained from DeXA. Pertaining to this study, the term "normal" indicates a low risk for osteoporosis, "osteopenia" indicates a moderate risk for osteoporosis, and "osteoporosis" indicates a high risk for osteoporosis. Abbreviations: BMD, bone mineral density; DeXA, dual-energy X-ray absorptiometry; QUs, quantitative ultrasound.
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effects of age, sex, and ethnicity on bone health status of the elderly in Malaysia, which was similar to this study. However, a significant decline of SOS was documented in Chinese and Malay males after the age of 30 years. 17 This was different from our study, which found no significant age-related decline in bone health indices in males. The discrepancy might be due to the limited age range included (50 years and above) compared to their studies (20 years and above). Besides, the sample size in this study is only moderate and may not be capable of detecting the gradual change in bone health of males. No other studies the male osteoporosis in Malaysia were performed thus far, showing that this problem has been constantly overlooked by the medical and scientific community.
Among the 514 Malaysian urban female subjects (mean age: 51.07 years [SD: 5.28 years]) examined using DEXA, Lim et al 25 found that the prevalence of osteoporosis was 8.6% based on spine BMD and 21.4% based on hip BMD, while the prevalence of osteopenia was 38.9% and 51.6%, respectively. The estimates were similar to the findings of this study, whereby 8% of the female were osteoporotic and 35.4% were osteopenic. Lim et al 25 also reported no ethnic differences in the prevalence of osteoporosis/osteopenia established based on BMD in Malaysian females. The prevalence of osteoporosis/osteopenia reported was 16.9% in the Malays, 27.4% in the Chinese, and 18.2% in the Indians based on either spine or hip BMD. 25 This was higher than our estimates, which were 4.8% in the Malays, 9.1% in the Chinese, and 13.3% in the Indian. However, one should be cautious in comparing prevalence derived from QUS and DXA because discrepancy might exist. 20 The third National Health and Nutrition Examination Survey revealed that there were significant differences in the prevalence of osteoporosis and osteopenia established based on BMD among the ethnic groups in the US. The prevalence was the highest in non-Hispanic Whites, followed by Mexican Americans and non-Hispanic Blacks.
14 This was in accordance with their BMD values assessed by DEXA, which was the highest among the non-Hispanic Blacks, followed by Mexican Americans and non-Hispanic Whites. 26 Similar to the US, Malaysia consists of three major ethnic groups and ethnic differences in the distribution of diseases were observed. 10, 27, 28 Previous reports on fragility fractures in Malaysia in the year 1997 revealed that the incidence rate was the highest among the Chinese (males 94/100,000; females 220/100,000) and Indians (males 98/100,000; females 204/100,000) and several folds lower in the Malays (males 27/100,000; females 43/100,000). 10, 29 In Singapore with a similar ethnic composition as Malaysia, the incidence of fragility fracture was the highest among the Chinese (males 180/100,000; females 437/100,000), followed by the Indians (males 198/100,000; females 242/100,000) and the lowest in the Malays (males 97/100,000; females 233/100,000). 29 In contrast, the results of this study revealed no significant ethnic difference in the prevalence of osteoporosis/osteopenia and bone health indices for both sexes. The discrepancy between hip fracture incidence and bone health indices/prevalence of suboptimal bone health in terms of ethnic differences could be attributed to several reasons. Firstly, there are many predictors of falls and fragility fracture other than bone density, such as muscle weakness, gait and balance deficits, visual and cognitive impairments, and postural hypotension. 30 Thus, variations in bone health alone could not explain the differences in fracture risk incidence among the ethnic groups. Secondly, assimilation and secular changes in the lifestyle among these ethnic groups during the period between the fracture incidence data first put forward (1997) 10 and this study (2015) could have contributed to the discrepancy.
The age-related reduction in bone health indices and increase in prevalence of osteoporosis were significant in females but not in males in this study. Males have higher peak bone mass compared to females due to a higher rate of periosteal apposition. 31 Besides, females universally experience the cessation of estrogen production after menopause, leading to rapid deterioration of bone health. 32 Testosterone Notes: Quantitative ultrasound is not a diagnostic tool for osteoporosis. The T-score generated by QUs is different from T-score based on BMD obtained from DeXA.
Pertaining to this study, the term "normal" indicates a low risk for osteoporosis, "osteopenia" indicates a moderate risk for osteoporosis, and "osteoporosis" indicates a high risk for osteoporosis. Abbreviations: BMD, bone mineral density; DeXA, dual-energy X-ray absorptiometry; QUs, quantitative ultrasound.
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Chin et al level declines gradually in males and testosterone deficiency syndrome is not universal, thus the deterioration of bone health in males is less severe. 33 While the significant agerelated decline of QUS indices in females of this study was similar to previous reports, 13, 34, 35 the decline was merely marginal in male subjects. Significant decline of QUS indices in males was documented in some studies involving wider age range, [36] [37] [38] but in other studies, the decline was marginal or observed at the very late in life. 13, 39 This is in line with the fracture incidence of Malaysian males, which did not increase significantly until males were over 75 years.
10
Limitations
This study is not without its limitations. A nonrandomized sampling technique was used; hence, generalization of the findings of this study should be done with caution. However, the ethnic composition recruited was similar to that of Kuala Lumpur as reported in the latest census. This study was crosssectional in nature; hence, the rate of age-related decline in bone health might differ from longitudinal observations. The reference value of mainland Chinese was used in our device because there is no local reference. This might create some discrepancies in the classification of subjects into different risk groups according to T-score based on SI. The study is notable because it is the first to access bone health of Malaysian males and females aged 50 years and above concurrently. All three major ethnic groups in Malaysia were represented in this study. The analysis was adjusted with BMI, which is a major confounding factor in bone health, 40 to depict a more accurate decline of bone health with age in the subjects.
Conclusion
In conclusion, a significant proportion of elderly males and females living in Kuala Lumpur are facing the problem of osteoporosis and osteopenia. Therefore, both sexes deserve equal attention in the prevention and treatment of osteoporosis. Bone health in the Malaysian elderly shows a significant sex but not ethnic difference. However, true differences in rate of bone loss between sexes and ethnic groups await validation from comprehensive longitudinal studies. As the demographic trends of the nation are approaching that of a developed nation characterized by a high proportion of elderly in the population, preventive measures should be taken to slow down the progression of osteoporosis for minimizing the health care and economic burden. In this case, QUS may be useful in enabling early detection of osteoporosis because it can identify the age-related decline in bone health. Our study has contributed to filling the gap in the knowledge of bone health in Malaysia, but more updated data on bone health are needed to establish strategies to prevent osteoporosis in Malaysian elderly.
